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INSIDE SCIENCE 











The Vital Story 


A Quick History. Independent investigators, working sepa- 
rately to unlock several of nature’s doors, sometimes open up 
unsuspected relationships. This happened with vitamin Bp. 


Investigations. About 25 years ago, several groups, notably 
Warburg’s, were investigating a “yellow enzyme” obtained 
from yeast. Almost simultaneously other investigators were 
studying a food factor that aided growth of laboratory animals. 


What they found. Proceeding with chemical analysis of this 
growth factor, the team of Kuhn, Gyorgy, and Wagner- 
Jauregg noted a relationship between the growth-producing 
agent and the “yellow enzyme.” Their findings, and those of 
other researchers along similar lines, were published in 1933. 
Eventually, riboflavin and an essential part of the yellow 
enzyme were found to be identical and the unity of an essen- 
tial nutrient and cellular metabolism was established. 





Isolation of pure riboflavin was 
achieved by Kuhn and his co-work- 
ers, and by Ellinger and Koschara, 
in 1933. 


» | Nomenclature. Known in the United 

J é. ° . ° 
o~7 ~e# “co States as riboflavin, this vitamin has 
also been called lactoflavin, ovoflavin, 


One, ne seo 
« - hepatoflavin, and vitamin G. 











SYNTHESIS 


By 1935, two eminent chemists, working separately, had syn- 
thesized riboflavin, practically in a dead heat. Prof. Paul 
Karrer of the University of Zurich, a collaborator of the 
Hoffmann-La Roche Laboratories, produced the first suc- 
cessful synthesis. Five weeks later Richard Kuhn of Ger- 
many announced his synthesis of the vitamin. Prof. Karrer 
subsequently shared the Nobel Prize in Chemistry for his 
work in vitamins and carotenoids. 

sa 
The Karrer synthesis forms the 
basis for chemical processes in 
widespread use today by Hoffmann- 
La Roche and other leading manu- 
facturers throughout the world. 
Riboflavin is also manufactured to- 
day by fermentation methods. 


CHEMICAL AND PHYSICAL PROPERTIES 


Riboflavin is yellow, slightly water-soluble with a greenish 
fluorescence and a bitter taste. Its empirical formula is 
Cy7H29N40¢4. Vitamin Bz produced by the Roche process is 
identical in every way with that occurring in nature. 


How does vitamin B, work? Riboflavin is a vital part of 
nature’s chain of reactions for utilization of carbohydrate 


energy. It has been found to be a constituent of many enzyme 
systems and is thus intimately connected with life processes. 
It is probably required by the metabolic aaa==— 

processes of every animal and bird as 

well as by many fishes, insects and lower 

forms of life. (In certain animals, how- 

ever, the requirement may be synthe- 

sized by bacteria within the intestine.) 


In the cells riboflavin goes to work at- 

tached to a phosphate group. This sub- 

stance, known as riboflavin-5’-phos- 

phate or flavin mononucleotide, may in turn be attached to 
still another essential substance, adenylic acid, forming flavin 
adenine dinucleotide. Either nucleotide then is attached to 
protein, thereby forming an enzyme, and takes its part in 
oxidation-reduction reactions. 


Requirements in Human Nutrition. As we have seen, vita- 
min Bz, is essential to life. We have no special storage organs 
in our bodies for this vitamin, although a certain level is 
maintained in various tissues, with relatively large amounts 
found in the liver and kidneys. 


MEASURING METHODS 


In the beginning, riboflavin activity was described in “Bour- 
quin-Sherman units” and requirements were thought to be 
very small. Subsequent research showed 
otherwise. Milligrams of weight became 
the unit and the Food & Drug Adminis- 
tration of the U. S. Dept. of Health, 
Education & Welfare established (July 
1, 1958) a minimum daily requirement 
of 1.2 mg. of riboflavin for all persons 12 or more years 
old. For infants it is 0.6 mg. These requirements are de- 
signed to prevent the occurrence of symptoms of riboflavin 
deficiency disease. The minimum daily requirement for this 
vitamin for children from 1 to 12 years is 0.9 milligram. 


Recommended allowances. The Food & Nutrition Board 
of the National Research Council has recommended the fol- 
lowing daily dietary allowances of riboflavin, expressed as 
milligrams. These are designed to maintain good nutrition of 
healthy persons in the U.S. A. 

Men 

Women 

be (3rd trimester of pregnancy) 

(Lactating) ond 


Infonts, 1-3 months . 
-— oo” 
10-12 “ 


Adolescents, 10-12 years 
bs 13-15 . 
a %20 ” 
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Deficiencies of vitamin B, appear in several ways in human 
beings. The eyes, the skin, the nerves, and the blood show the 
effects of too little riboflavin. Laboratory 
animals have demonstrated that a ribo- 
flavin-deficient diet can cause death of 
adults and can slow or stop growth in the 
young. Female animals, deprived of ribo- 
flavin in the diet, may produce offspring 
with congenital malformations. = { 


j 
i 


ete 
Medical uses. To overcome and control deficiencies in 
human beings, physicians have pure riboflavin available for 
administration by injection or orally, by itself or with other 
“B” vitamins or multi-vitamin-mineral combinations. 


How do we get our daily riboflavin? Vitamin B, has 
wide distribution throughout the entire animal and vegetable 
kingdoms. Good sources are milk and its products, eggs, 
meats, legumes, green leaves and buds. Whole-grain cereals 
have significant but not large amounts of riboflavin. 


ADDITION TO FOODS 


“= Cereal foods play a large part in our 

. diet. To produce the white flour al- 

most all of us want, millers are obliged 

to remove parts of the wheat that con- 

tain much of the grain’s riboflavin and 

other nutrients. In addition, cereal 

an 4 grains are not rich sources of ribo- 

flavin. Millers meet this problem by 

enriching the grain foods for which federal standards exist 

with vitamins B,, B,, niacin and the mineral iron. In the case 

of vitamin B,, however, they do more than restore the proc- 

essed food to its natural riboflavin level; they fortify the food 

with enough of this essential vitamin to make it nutritionally 
more valuable than it was in nature. 


Acting to protect the good health of millions of Americans, 
bakers and millers adopted enrichment of white bread and 
white flour in 1941. Since that time, 
other foods, such as macaroni prod- 
ucts, corn meal and grits, farina, 
pastina and breakfast cereals have 
had their food value increased by 
enrichment with pure riboflavin 
and other vitamins and minerals. 


When enriching, fortifying or restoring, food manufac- 
turers add the necessary quantity of riboflavin (and other 
vitamins and minerals) to the food during processing, so that 
the finished product meets federal, state, and territorial re- 
quirements or contributes to the consumer an amount of the 
vitamin that dietary experts believe significantly useful. 


PRODUCTION 


Prof. Karrer’s synthesis of riboflavin was a laboratory suc- 
cess. Adapting the process to commercial production, 


TAMIN By occ 


(Riboflavin ) 


however, demanded original thinking by chemists at Hoff- 
mann-La Roche. The production of riboflavin by chemical 
synthesis requires the production of ribose, a rare sugar, at 
an early stage in the process. This special sugar must be 
made inexpensively if the synthesis is to be practical. Sugar 
chemistry is a difficult matter. In a brilliant piece of work, 
the Roche chemical experts developed a method to produce 
ribose on a commercial scale by an electrolytic process, thus 
overcoming a most troublesome problem. Subsequently, 
Roche chemists developed the first practical synthesis for 
riboflavin-5’-phosphate, identical with natural flavin mono- 
nucleotide. 


Picture three streams joining to form a river and you have 
a simplified idea of the Roche process for synthesizing vita- 
min Bz. O-xylene and glucose are processed separately to 
form xylidine and ribose respectively. These are joined to 
form ribitylxylidine, which is then converted to ribitylamino- 
xylidine. Starting separately with aay VES 
malonic ester, which is processed a 

through intermediate stages to al- 

loxan, the third “stream” is then 

joined with ribitylaminoxylidine to 

form riboflavin. Purification occurs 

at each step of the synthesis. Ribo- 

flavin ‘Roche’ equals or exceeds 

U. S. P. standards. 


By the tons. So efficient is the Roche process that pure ribo- 
flavin is produced by the tons for use in pharmaceutical prod- 
ucts and processed foods. An interesting development by 
Roche is the production of riboflavin in different forms re- 
lated to the method of end use. ‘Roche’ Regular riboflavin 
U. S. P. is especially useful in dry enrichment premixes, 
powdered dietary supplements, pharmaceutical tablets and 
soft gelatin capsules. ‘Roche’ Solutions type is preferred for 
the manufacture of solutions having low concentration. 
‘Roche’ Riboflavin-5’-Phosphate Sodium is a highly and 
rapidly soluble riboflavin compound favored for all phar- 
maceutical liquid products and some tablets, lozenges, and 
capsules. It has a more pleasant taste than the bitter U. S. P. 
riboflavin. 


This article is published in the interests of pharmaceutical manu- 
facturers, and of food processors who make their good foods bet- 
ter using pure riboflavin ‘Roche.’ Reprints of this and others in 
the series will be supplied on request without charge. Also avail- 
able without cost is a brochure describing 

the enrichment or fortification of cereal 

grain products with essential vitamins and 

minerals. These articles and the brochure 

have been found most helpful as sources of 

accurate information in brief form. Teach- 

ers especially find them useful in education 

Regardless of your occupation, feel free to 

write for them. Vitamin Division, 

Hoffmann-La Roche Inc., Nutley 10 

Jersey. In Canada: Hoffmann-Lz 

Lid., 1956 Bourdon St., St. I 
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substitute raw materials. This hypothesis can be stated statistically as 


ws == 0.55 
The symbol p’; is the expected proportion of trials or triangle presentations 
in which the odd sample is correctly identified. The alternate hypothesis would 
appropriately state there is a difference in finished products; statistically 
stated the alternate would be 


p’2 > 0.33. 


In this case p’s is the expected proportion of trials or triangle 
which the odd sample is correctly identified. The definitions for 


are identical; the subscripts 1 and 2 on p’ differentiate between exy 
| 


ic 
portions under the hypothesis and the alternate hypothesis, respectively. Note 


that this alternate hypothesis has many values; the choice of a specific value 
for p’2 is up to the experimenter. A value of 0.34 or 0.35 for p’2 would 
be different enough from the p’; of 0.33 to be of practical int 
example, the specific alternate hypothesis used will be 


p’2 ——- 0.43. 


The difference between the proportions from the hypothesis and 
nate hypothesis large enough to be considered a practical or 
ference has been labelled 6 (3). In other words, 

to 0.10. 

Next, the experimenter arbitrarily chooses a 
is the probability of committing a type I error; that 
rejecting the hypothesis when in fact the hypothesis 
is the probability of committing a type II error; that 
accepting the hypothesis when in fact the alterna 
Here a= 0.05 and 8 = 0.10 will be used. 

Summarizing up to this point, the hypothesis has been stated, a value 
for 8 has been chosen allowing a specific alternate hypothesis to be stated, 
and the a and £ risks have been specified. These steps are exactly the 
same steps an experimenter would go through using a comparable fixed 
sample size approach. 

From here on, the sequential analysis approach is different. The se- 
quential analysis approach used here is from Burr (2). There are two 
formulas which make up the hypothesis testing decision rule. The first 
formula 

D, < — hy + SN 


the 


defines the region in which the hypothesis is accepted. In this formula 
current context, D, is the observed number of triangle presentations in which 
the odd sample was correctly identified, and N is the sample size or tl 


number of triangles presented. Formulas are available for h, and S in terms 


the 
of the hypothesized proportions, p’; and p’2, and the a and £ values 
l—a 


log 
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p’e (1 
log 
p (1 po) . (3) 
Here the formula for S is exactly the same as the formula for the S used in 
inequation 1 so solving for S is unnecessary here. Equation 6, the denom- 
inator of which has already been evaluated, is solved for hg by making the 
appropriate substitutions as follows: 
1— Bs 
log 
a F 
1 — 0.10 
ns il 


0.05 


log 18.00 / 


1.25527 


— 6.78 


Using the computed values for hg and S, inequation 5 becomes 


D, > 6.78 + 0.38 N (7 


Thus after N triangle trials have been conducted, if the odd sample was 
I 
correctly identified on 6.78 + 0.38 N or more trials, reject the hypothesis 
p’: = 0.33 and assume the alternate hypothesis p’2 = 0.43 is true. 
1 aphically describes the hypothesis testing decision rule that has 
Figure 1 graphically d bes the hypot! testing d I 
yeen developed for a triangle test with the hypothesis p’; — 0.33, the alternate 
been devel 1 f t gle test with the hypot 1 
1ypothesis p’s = 0.43, a= 0.05, an = 0.10. The two lines on Figure 
hypott ’e = 0.43 0.0 1 0.10. The t I I l 
are formed by considering inequations 4 and 7 as exact equalities. Inequation 
4 reads, if D,, the observed number of triangles for which the odd sample is 
correctly identified, is less than or equal to — 5.28 + 0.38 N, accept the hy- 
pothesis. Thus because the inequation reads less than, the area below 
D, = — 5.28 + 0.38 N is labelled the accept region. Recognizing that inequa- 
tion 7 reads greater than or equal to, the area above D, = 6.78 + 0.38 N is 
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Figure 1. Sample size versus number of odd samples correctly identified for the 
hypothesis p’; = 0.33, alternate p’s = 0.43, 2 = 0.05, 8 = 0.10. 





SEQUENTIAL ANALYSIS 


appropriately labelled ject region. The area between the 
lin ] tar - TT .Ter - 7 } } 
reject lines calls for continuing the experiment; the fact that tl 


is formed by two parallel lines extending indefinitely 


this concern 1 iwarranted will be trea 


ed 


t 
I 
+ 


S1Zes 


than 


and L, which | the 


“ol ] +, P 
1 to be relatively iree trom 2 | de bias 


paired test, the null hypothesis in this case would state there is no prefer 


between the two products; statistically the null hypothesis would be 


Here p’; is the expected proporti 
in which product K is preferred; p’; could have been defined as t 
ence proportion for product L inste: if 1 The alt 

sis would appropriately state there is a prefer between t 


1 
he ty 
ne tW 


statistically the alternate hypothesis 


In this case p’s is the expected proportion of total tri r paired presen- 


tations in which prod referred. Thi and p’s have the 


same 
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TABLE 1 
Sequential sampling hypothesis testing decision rule 
for a triangle test where the hypothesis is p’; = 0.33, 
the alternate hypothesis is p’2 = 0.43, 2 = 0.05, and 8 = 0.10 


N = Sample Size Accept if D, CA eject if 
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60 
definition ; the subscripts 1 and 2 designate expected proportions 
hypothesis and alternate hypothesis respectively) 

The values chosen for a, B, and 8 will be the same as the values use 


[ro 


the triangle test example: a = 0.05, 8 = 0.10, and 8 = 0.10. The similarities 
and differences between the two examples will perhaps be more apparent this 
way. Using a 6 = 0.10 and recognizing there is inherent interest ; 
ence proportions less than as well as more than 0.50, the alternate | 
has two specific values, p’s = 0.60 and p’s i 
sidered. 

To develop the sequential analysis rule 
calculate the constants for the accept and reject boundaries 
and 5, respectively, twice: once for case I where p’; 
a = 0.025, and B 0.10: and the second time for case 
0.50, p’2= 0.40, a = 0.025, and 8 = 0.10. The two cases arise because two 
f Thi led experimental 


specific values of the alternate are of interest. This 
interest explains the use of a = 0.025; 
two equal tail areas of 0.025 each. Equati« 


cases for computing hy, ho, 





Fi ir Case ] ; 


respectivel 


\ 


ions do 
- 0.50 and tl 


precedence 


leads to the conclusion 


For sample $1zes 


parts, eacn 
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Q~ NUMBER OF TIMES PRODUCT K 1S PREFERALO 














N- SAMPLE SIZE 

Figure 2. Sample size versus number of times product K is preferred for the 
hypothesis p’; = 0.30, the alternate p’s = 0.60 & p’s = 0.40, a = 0.05, and 3 = 0.10. 
is in the upper reject region, the alternate hypothesis, p’s = 0.60, 
sumed to be true. If the hypothesis is rejected because D, 
reject region, the alternate hypothesis, p’s = 0.40, is assum: 

Although, at first glance, it might I 
rejected for small sample sizes of say 
size of 20 must be obtained before 
there must be perfect consistency in the results; 
been exactly 20 or exactly zero preference 
sample sizes below 20, the value of D, 
is either greater than N or 


DISCUSSION 
Underlying the use of sequential analysis for 
ciated with triangle, paired, and duo-trio test 
difference and preference proportions so obtained 
Sample proportions will be distributed binomially 
population where the event used in computing 
probability of occurrence. Since the triangle 


was no difference in the two products under investigation 
‘tly identified has a constant valu 
} 


the odd sample will be corre: 
hypothesis used with the paired preference test stated t 
ence between the two products; hence, the probability of 

preferred over the other has a constant value of %. Similarly in the duo-tri 


test, the probability of identifying the standard sample has a 


of % since the duo-trio null hypothesis would state there was no difference 
between the standard product and the variant product 


[hus the triangle, paired, and duo-trio test situations meet th 
a binomial distribution required in using the tvne of seque 
gested in this paper. 
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The continue region is formed by the difference between the two lines asso 
ciated with the above inequations. The constants h;, he, and S are deter- 
mined by appropriately substituting into equations 2, 6, and 3; these equations 


have identical denominators making the computational work easier than it 


might at first appear. 
[he experimenter, whose experiment is suitable for sequential analysis 


ny 


and who uses it, will be testing hypotheses at known a and 8 levels with mini 
mum sample sizes. 
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collected in December 1955 at 3 plants in the San Joaquin Valley of Californ 
Isolation and purification of cultures. Composite samples (each weighed about 200 


x.) were comminuted under aseptic conditions in a laboratory blender and then inoculated 


storage brines. Each composite represented 5 separate tanks. All of the sampl 


¢ 


with a sterile loop onto sodium polypectate gel medium acidified to pH 4.0 (16)*. An attempt 
was made to pick different morphological types of colonies of pectinolytic molds from each 
sample. The selected cultures were purified on potato inft n, glucose agar. 
Two methods were used purification: the simple dilution technique comm 
for isolation of single colonies of bacteria and yeasts; and successive pl 
portions of growing mycelium from the periphery of tl l The d 
was satisfactory for the 
Oospora culture. The direct transfer of 
produced abundant mycelium but few or 
Although yeasts presented no seriot 
contamination by aerobic, sporeforming 
the potato infusion agar was adjusted t 
the young cultures with the phas« 
pure cultures were obtained for study 
Identification of the cultures. An attempt 
isolates to its proper genus and species. Generic id 


| * ¢ 


I 
careful study had been made of the gross morphol 


However, separation of the cultures in t 
considered to be impossible in the cours¢ 
Morphological investigat 
lescribed by Wickerham (19 
potato infusion, glucose agar 
boiled, sliced potatoes mad 
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Waksmar 
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RESULTS 
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isolates) were allocated to the genu 
be members of the genus Penicillium 
(Geotrichium), Paecilomyces, Strepton 
sented by single isolates. 


The cultures of Fusarium were allocated 


to the following species: 
Fusarium gibosum cultures 

‘usarium lateritium cultures 

‘usarium moniliforme —5 cultures 

‘usarium oxysporum 

‘usarium roseum 


‘usarium solani 


All but four of the cultures had characteristics conside 
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resistance to salt, their ability to decompose lactic acid and to degrade 
pectin and cellulose. Investigation of these characters would assist in the 
evaluation of their role as possible agents of spoilage. 

pH tolerance. The pH tolerance of the various cultures was tested 
potato infusion, glucose agar adjusted to different values with hydrochloric 


or lactic acid. Olive storage brines have pH values that range from as low as 
3.5 up to about 4.5 when fermentations are complete. Therefore, as shown in 
Table 1, only a few cultures would be restricted in growth by the pH values 


°T 


found in the brines of storage o 


lives. It also is interesting to note that under 


grew best at pH values near 


t 


the conditions of these experiments the cultures 
neutrality. 

Salt tolerance. Olives generally are stored in brines that vary betwee: 
about 5% and 8% (grams NaCl per 100 ml. of brine). The final salt concen 
Ascolano and Sevillano fruits 
are quite prone to salt shrivel at concentrations much above 5% whereas 
the Manzanillo and Mission olives are not so easily affected. To the authors’ 
knowledge the salt tolerance of fungi capable of growth on olive brines 
had not been investigated. Therefore it was desirable to obtain such inf 


tration used depends upon the variety — the 


intor 


mation. 
The salt tolerance tests were made in potato infusion, dextrose 
' 


I 
that devel yped surtace 


oT 


with increasing amounts of salt. Each culture 


was transferred to another tube of the 


medium containing more salt 
initial concentration of sodium chloride was 5%. This was increased, first 


by 1% and later by 2% in each successive subculture. It is well known that 
t alues. Therefore, the 


the inhibitory effect of salt is increased at 
salt tolerance tests were run in duplicate. One set had an initial pH value of 
7.0. The other set was adjusted to pH 3.5. ts of the salt tolerance 


TABLE 1 
Effect of pH on growth! of fungi from olive brines 
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lates (23 out of 36) were allocated to the genus Fusarium. Eight others were 
identified as members of the genus Penicillium. The genera Aspergillus, 
Oospora (Geotrichium), Paecilomyces, Streptomyces, and Verticillium were 
represented by single cultures. Of the fusaria, there were two isolates that 
belonged to the species Fusarium gibosum ; 4 cultures identified as F. lateri 
tium; 5 as cultures of F. moniliforme; 6 as isolates of F. oxysporum; 4 as 
F. roseum ; and 2 cultures representative of the species F. solani. The cultures 
of Penicillium included 4 that belonged to the species Penicillium chrysogenum 
and 4 that were representative of P. notatum. One additional isolate was 
identified as Paecilomyces varioti. Four other cultures were identified only 
as to genus. These included 1 isolate of Aspergillus, Oospora (Geotrichium 
Streptomyces, and Verticillium, respectively. 

Since it was unknown whether these organisms could cause damage to 
olives held in storage brines their tolerance to pH, resistance to salt, ability 
to decompose lactic acid and to degrade pectin and cellulose were investigated 
With the possible exception of the unidentified Streptomyces culture, it 1s 
likely that none of the cultures would be restricted in growth by the pH values 
of storage olive brines or the amount of salt contained in them. In addition, 
the cultures also utilized lactic acid as a source of carbon in an otherwise 


t 
t 
mineral medium. Furthermore, all but 2 of the isolates (Streptomyces sp. and 


J } 


Verticilium sp.) softened the polypectate gel med 
was used as a carbon source by the fusaria but not by the 


ium. In addition cellulose 
Therefore, it can be concluded that most, if not all of these organisms can 
be regarded as potential agents of spoilage of olives held in storage brines. 
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NUTRITIVE VALUE STUDIES OF A WHEAT FLAKES, 
DRIED WHOLE MILK AND SUGAR MIXTURE 


G. H. REUSSNER, JR. ann R. THIESSEN 


Center, General Foods Corporation, Tarrytown 
(Manuscript received September 21, 1957) 


Sherman and Campbell (73, 14) reported that a diet consisting of a mix- 
ture of one-sixth dried whole milk and five-sixths ground whole wheat 
supplemented only with table salt was adequate for the rat. When the pri 
portion of milk powder was increased to one-third, however, there was a 
decrease in infant mortality and an increase in the average life span of adult 
rats. It was concluded that a mixture of the whole wheat, dried whole milk, 
and salt could give adequate nutrition to test rats, even when fed for numer 
ous generations. Hart (9) has noted that as far back as 1918 it was known 
that mixtu f al proteins gave efficient growth in animal 
feeding tests. 

Rat feeding tests of breakfast cereals, suc le study rted by Sure 
(16), indicate that “flaked”’ breakfast cereals which have undergone strong 
heat-processing are not adequate for animal growth. Since ready-to-eat cereals 
are usually consumed with milk, it would seem reasonable to assay these 
foods with the amount of milk usually consumed with them. 

Studies with human subjects by Daum and Tuttle, et al 
that a basic cereal breakfast of fruit, cereal, milk, bread, 
nutritionally as favorable as an isocaloric bacon and egg | 
tention and utilization of nitrogen, phosphorus, calcium, iri 
niacin. A 6-week rat feeding test by Beinert (3 
cereal, milk, and sugar mixture gave very good 

Using the per capita for the consumption o 
ported by 
Agriculture (17), it can be estimated that approximately 366 tons of these 


col 


/ 
cereals in 1954 in the United States as re by the U. S. Department 


breakfast cereals were consumed. Along with the milk usually eaten 


cereals, this is a considerable intake of protein. Therefore, it was felt 


more information would be desirable on the role of cereal and milk combina- 


tions in nutrition. 

It was the purpose of this study to determine the adequacy of a wheat 
flakes, powdered whole milk, and sugar mixture, with and without added 
nutrients, over an extended period of time. 


MATERIALS AND METHODS 


Preparation of diets. Basal diet (A) consisted of the proportions « 
pulverized wheat flakes breakfast cereal to 4 ounces of whole milk and 
Whole dry milk solids were used in place of fresh milk for convenience in the prepa- 
ration of stable test diets. These ratios were chosen to represent the average portions 
of cereal, milk and sugar consumed in a cereal breakfast. A second diet (B) consisted of 
dried whole milk without supplements 

A third diet (C) was formulated to represent a “heavy” breakfast consisting of 2 
slices of bacon, 2 eggs, 2 slices of toast with butter and 1 cup of soluble coffee with cream 
and sugar. The bacon was fried, frozen with powdered dry ice, and then pulverized. Dri 
whole eggs were used in place of fresh eggs and a dry cream substitute (Pream) was used 


in place of fresh cream for the coffee. 
44 
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method of Gofman (8). In the procedure the ultracentrifuge is used to obtain 
for the Ss (0-12) ind S-¢ (12-400) fractions 

Moistures were determined by drying the samples in the vacuum oven 
at 70°C. Fat determinations were made on the oven-dried livers and carcasses by a 
extraction with ethyl ether on the Goldfisch apparatus. Nitrogen determinations 
carried out by the Kjeldahl-Wilfarth-Gunning method according to the Association 
Official Agricultural Chemists 

Histopathology. Sections of liver tissue from the animals which were sacrificed 


months were prepared for hi zical study by staining with hematoxylin and eosin 


tissues were examined by qualified pathologists 


RESULTS 


Body weight gain and food utilization. Body weight gains are show 
Table 2 for both 3 months and,9 months of the test period. Body 
gains from the basal wheat flakes and milk diet (A) were significant 
than those by the whole powdered milk diet at 9 months (P 
S ()0)5) 


wall 
gain 


the differences at 3 months were not 
{ 


and eggs diet did not give significantly 
from the wheat flakes and milk combinati 

After 9 months on test the basal wheat flakes and mil 
cantly better protein efficiency utilization than the 
bacon and eggs (P = < 0.01). On the other hand, the wl 
resulted in inferior food efficiency than either the mill 
bacon and eggs (P = < 0.01). 

In the group II series the ration containing tl 
eral supplement gave significantly better body weight gain over 
control cereal and milk diet after 9 months (P < 0.05). 
body weight gain from the wheat flakes and milk diet containing 
cient nutrients was significantly greater than that obtained fron 
plemented control cereal and milk diet (P = < 0.01). Otherwise 
no significant differences in the values of body wei [ 
or protein efficiency. 

Liver data. After 9 months of ling, the live rom half the anima 
on test were removed and weighed, before f: ‘terminations were made 


} 
} 
is 


Liver data are given in Table 3. It was found that the liver fats of the animals 
consuming the bacon and egg diet were ! } 
suming the basal cereal and milk diet 
calculated from the whole dried milk diet were not significantly dif 
from those from the animals eating wheat kes at milk (P 

In group II the average liver fats detern “d animals 
the mineral supplemented diet was signif 
control diet (P = < 0.05). There wert 
liver fat in group II. 


Histopathological studies indicated that some of the livers from 
consuming the bacon and eggs showed marked fatty infiltration. The livers 
from rats eating the milk diet appeared normal and showed no evidence of 


vacuole formation. Liver tissue from several of the animals consuming the 
basal wheat flakes and milk showed occasional cells with vacuoles within 
the cytoplasm which were suggestive of fat accumulation. Of the 5 livers 
studied, from the bacon and egg diet, 3 showed slight degrees of vacuoliza 
tion within the cells greater than that seen in those from the | 
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and milk diet. The remaining 2 livers from the bacon and egg diet showed con 
siderable numbers of cells which contained vacuoles, apparently due to fat. 
The livers from the bacon and egg diet were also large as is shown by the 
greater average liver weights of the animals given in Table 3. 

Blood data. Values for serum protein, hemoglobin and blood cell counts 
in group II showed no significant differences. However, in group [ it 
shown that the rats consuming whole milk solids had significantly 
hemoglobin (P = < 0.01), red blood cell count (P = < 0.01), total 
protein (P = < 0.01), serum albumin (P = < 0.05) and serum globulin 
(P = < 0.01) when compared to the values obtained from 
flakes, milk and sugar diet. On the other hand, no significan 
found for these values when the basal diet was compared 
egg diet 

Flotation rate measurements were made on 
each of the 5 animals sacrificed from the basal cer 
bacon and egg diet. The Sf 0-12 for the bacon and eggs diet was 7 mg. 
compared to 48 mg. % for the cereal and milk diet. The bacon and egg diet 


resulted in a Sf 12-400 value of 105 mg. % whereas the cereal and milk ga 


vc 
a value of 0 mg.% for the corresponding fraction 
Carcass analyses. The protein, fat, moisture, 
ash contents of the carcasses of the animals in the 
and milk, the milk alone, and the bacon and egg 
values are listed in Table 4. The data show that 
the milk stored more protein, ash, and calcium and less 
wheat flakes ration or the bacon and eggs. However, on a 
amounts in the carcass there was less protein stored by the m 
other two diets. 
The greater calcium storage o1 r cent of carcass basis | 
over that by the basal wheat flakes and mil iet was significan 
< 0.05). The differences in per cent carcass composition of fat, protein, ash 
and phosphorus were not significant when the values from the wheat flakes 
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Summary of liver data 
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A Wheat flakes, n 
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B Milk (Parlac) 
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Group I] 

D Basal control 

E Vitamins and minerals 

F Vitamins 

G Minerals 


H “Deficient” nutrients 
1 Average of 5 animals per group except 4 on 
two from I) diet were | é g determination 
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on all the other test diets. The complete mineral supplement | 


XIV ) added to the basal wheat flakes and milk diet gave the lo 


DISCUSSION 


( Jutstanding differences observed at the end of the 9 months of feeding 


were the low hemoglobin and serum protein values from the milk diet and the 
high liver fat from the bacon and egg ration. No supplement was added 


t 


ta Cc mparison oO! ne 


the whole milk solids diet. The reason for this was that 
responses from the cereal and milk diet and the milk alone could show 
whether the addition of the wheat flakes d the nutritive val f tl 
milk. Since milk is poor in iron content, it m 
in the group fed milk alone would become anemi 

+} ] . ] 


It is interesting, even though the whole 


high level of fat (28%) along with a poor 
from the rats on this diet appeared to be 
bacon and egg diet with a slightly higher 
several enlarged, pale livers. The average liver 


nil 


‘ ° : 
nat trom the muik die 


diet was twice as high as t 
egg diet and 15% for the milk diet on a dry basis). 

Bixby, Bosch, Elvehjem and Swanson (4) found 
feeding, mineralized pasteurized milk gave an 
as compared to 4.3% for animals on a stock 
resulted in a liver fat of 4.9%. All these val 
liver basis. Spirling et al. (15) reported that rat 

I § I 

ized milk supplemented with trace elements an 
mean life span of 563 days as compared to a mean life span of 638 days for 


a mixed stock dog food ration. A 10% dried whole egg supplement extended 


the life span from the milk diet to 720 days 

Flotation rate measurements showed that the blood 
suming the bacon and egg diet in our st 
in the Sf 12-400 class than the cere 
to 0 mg.%). From Studies with 
Strisower (8) suggested that “coronariness” m y especially 
high levels of lipoproteins of the Sf 12-400 class. However, 
greater liver fat and higher Sf 12-400 values, the animals cor 
and eggs had as great a survival time as those consuming eitl 
plemented wheat flakes, milk and sugar, or whole milk solids 


Meat and eggs are considered 


rood sources 
4 I 


of the bacon and egg diet is an excellent sour of the hi ropic factor, 


choline. Wissler, Collins, Schroeder and Soules fo that a high 


diet containing lard along with high choline 


lipomatous lesions of the coronary arteries 


] ] 
1 nlarg 


rats fed cholesterol supplements had e1 
affect the survival rate adversely when compared to 
the cholesterol supplements. 

The excellent body weight gains 
milk, and sugar diet indicates that the | il 
since the protein level of the diet is only 12.5% ‘ights obtained 
by the basal cereal and milk diet in this test a1 the range obtained in 
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ment gave much better survival than vitamins. It is interesting that at 9 
months the mineral supplemented diet also showed a significantly lower liver 
fat than the basal diet. Salt Mix, U.S.P. XIV, which was used for the min- 
eral supplement contains Mn, Ca, Mg, K, Na, Cu, Fe, Al, I, Cl, and F. By 
calculation the Ca/P ratio of this diet was 1.1 as compared to a ratio of 0.7 
tor the basal cereal and milk diet. 

Unknown factors in natural foods might also be related to t 


obtained in rat feeding studies. Schneider (12) postulated that there may be 


1 
he 


a chemical factor in natural foods which give extended survival to mice. 
Wheat and malted barley flour were suggested to be rich sources of this 
factor. These were the major raw products used in the production of wheat 
flakes. On a practical basis no one would consume during the life span only 
one diet such as bacon and eggs or cereal and milk; however, more data are 
being reported in the literature each year which give evidence that the 
balance of nutrients in each meal may be more important than otherwise 
believed. There are many difficulties in translating data obtained from feed- 
ing tests with animals to those with human subjects. The information ob- 
tained in this study does emphasize that breakfast cereals and milk com 
ment each other in such a manner that they may play a significant role in 
daily nutrition. 

SUMMARY AND CONCLUSIONS 


Diets containing (1) wheat flakes, whole dry milk solids and sugar, (2 


> 


} oT y 


whole milk solids and (3) bacon, eggs, toast, and coffee were fed to growing 
rats. At the end of 9 months some of the animals fed the bacon and egg 
diet had large, fatty livers and those consuming the milk alone had low blood 
protein and hemoglobin values. Rats consuming the wheat flakes, milk, and 
sugar mixture did not show such abnormalities. 

The wheat flakes, milk solids, and sugar diet and the bacon and egg diet 
both gave good growth and survival to rats on long-term feeding. Longevity 
resulting from the wheat flakes and milk diet was extended more by a com- 
plete mineral supplement than by a complete vitamin supplement. 
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The aroma of coffee is of prime importance from the point of view « 
the consumer. The aroma not only produces a pleasing sensation by 
but plays an important role in the acceptance of the brewed coffe 
flavor of brewed coffee is, in fact, a combination of the two sense 
and smell. The aroma of coffee involves only the sense of smell 
therefore, limited to the so-called volatiles in roasted coffee. Many 
compounds present in coffee aroma have been identified by vari 
gators (2, 3, 5), but little information of a quantitative 
obtained, primarily due to inadequate methods of analysis 
duction of gas phase chromatography, a method of anal 
small quantities of material has become available. The 


tography as a means of separation of the volatile constit 
irradiated meat has been reported by Niegisch and Stahl 
(6). Dimick and Corse (1) used gas chromatography 1 
tile constituents of strawberries. The qua 


ititative measuren 
large number of coffee volatiles can be made in a comparativ 
by this technique and much information can be obtained as to 
roasting times and temperatures on different varieties of cof 
of staling of coffee, storing and packaging of roasted coffee 
larities and/or differences of regular and i1 nt coffee 

nique has been develope: 


chromatograms of the vo 


hicl enduce wha rarterict: 
wnich produces Characterist 
. £ " 


] 
| 
ia 


tiles obtained from groun 
it is thought the sampling technique may be of help 

coffee production or research problems, the writing of 
await identification of all peaks obtained on t 


be readily adaptable to flavor and 


} > 
ne cnroma 


appears to 
and beverage industries. 
EXPERIMENTAL 
Apparatus. The gas chromatographic instrument u 
Fractometer” Model 154 with an external gas s 
cessory. Helium was used as the sweep gas at 
operating temperature was 45°C 
Since it is not the purpose of this report 
chromatography, readers with an interest in 
mans, Gas Chromatography Id 
Preparation of column. The partitionin lumn used in 
> C22 fire brick he rt and Carbowax 
two n , i 
22 fire brick 2 cru 1 ar 1 to 40-60 mesh, 
sieved. The dried brick was then coated with Carbowax 1500 in the 
to 1 part Carbowax. Coating of the brick was l by d 
amount of Carbowax in sufficient methyl 
bulk of the alcohol was evaporated in a steam 
ently dry, the coated brick was put in a glass tube 
approximately 80°C. A small flow of nitrogen was then 
overnight. 
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pear at about 540 and 410-415 my; additionally there is a deflection in the 


spectral curve of some of the samples at about 650 my. In Figure 2 are shown 
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Figure 2. Reflectance spectra of a good tuna loin. 1. Untreated. 2. Following air 
oxidation. 3. Following sodium hydrosulfite reduction of the oxidized product 
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used for spectral measurements shown in Figure 3 is one of the “green” 
samples so treated. Good pink tuna loins allowed to air-oxidize to tan could 
be reduced in the same fashion to yield their original pink color. Other 
reducing agents, e.g. ascorbic acid, cysteine, will effect this reduction; how- 
ever, they produce less pink color than the hydrosulfite. 

This reduction to the hemochrome, noted in every case, strongly sug 
gests that the off-color is due to hemichrome formation. Verdohemochromes 
could not be similarly reduced (3). It is possible that there may have been 
small amounts of verdohemochromes formed; the resistance to reduction by 
any such compounds could be masked by the presence of the more abundant 
reducible hemichromes. In this connection it should be noted that the deflec- 
tion in some of the spectral curves of “‘green” tuna at about 650 mp might 
be caused by the presence of small amounts of verdohemochromes since they 
absorb in this region. 

Figure 4 illustrates the molecular changes involved in the transformations 
of the hematin compounds described above. The structures are simplified, 
with the side chains being omitted ; the circled nitrogens represent nitrogenous 
compounds coordinated with the iron atom to form the hemochrome 

Since the effect of reducing agents on “green’”’ tuna is importa 


entiating between hemichromes and verdohemochromes it was « 


Oxidation 


Reduction 


HE MOCHROME HE MICHROME 


Coupled Oxidation \ 


4“ 


Hydrogen Donor 


VERDOHEMOCHROME 
Figure 4. Reactions of hematin pigments involved in the production of off-color 
cooked tuna meat. 
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of added reducing agent on raw tuna known to develop off- 
Three such samples of raw tuna were available; one of 
’ tuna following cooking as judged by 


know the effect 


colors on cooking 
ap 


these gave particularly ‘green’ 

pearance and was quite resistant Addi 
tions of sodium hydrosulfite or sodi yrbate in var 
licotinamide, a known he 


\ lied 
DY sodiun 


the raw tuna sample : 
increased 
high level, 0.1% 


concentrat 


y and treatment of fish to c 


asure <¢ 


d reducing capacit 


¢ 


2 ~ 


Relation of measure 


+ rr ‘ 


_ testy 
11e€S alte 


TABLE 1 


Relation of reducing capacity and treatm to color 
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Descriptions of the off-color problems of tuna given by various observers 
within the industry are widely divergent and sometimes conflicting. 
respect it should be emphasized that there may be more than one 
off-color. All of the samples used in this study behaved similarlh 
pears that their off-color may have developed as a result of a sins 
anism. Whether the proposed mechanism involved in 
tuna, i.e. the oxidation of normal hemochromes to hemichron 


other samples of ‘“‘green” tna can easily be tested by treatin 
with sodium hydrosulfite. If a pink color results, then 

color is hemichrome in nature. A field survey 

vations on large numbers of green tuna samp 

is need for as much accurate detailed informatio 

individual cases of green tuna from catch 

can be obtained, in order to provide a lea 

of reducing conditions in the flesh leading 


formation. 
SUMMARY 


Studies of the properties o 


called “green” tuna, including 
indicate that the pigment 
case be transformed to the 


agent. The hemichrome appears to result 
conditions. The overall relationships 


and their subsequent handling coul 
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determinations were carried out on the juice pressed from the slices as was done on the 


composites from the light and dark areas. 

Variations of the procedures of Saywell and Cunningham 
and Diehl (9) were used for the determination of iron. The color reagent was 4, 7 
diphenyl-1, 10 phenanthroline and readings were made at 533 mu on a Beckman DU Spec 
trophotometer. The phenol content was determined according to the procedure of Rosen 
blatt and Peluso (6) with tannic acid used as the standard. The color was read at 660 mu 
on a Beckman DU Spectrophotometer 


(7) and Smith, McCurdy 


RESULTS 


The mean color scores in Table 1 show that none of the various sprays had 


TABLE 1 


The effect of certain plant sprays and tuber dips on the after-cooking 
discoloration of cooked potatoes 


Year 


Sprays, dips 
and checks 


Iron EDTA}. 
Iron sulfate 


Check. 


Sodium EDTA! weekly 


Check 


Sodium EDTA ! early 
Sodium EDTA ! late 
Sodium citrate 
Check 
Sodium EDTA ! dip 
Sodium citrate dip 
Check, composite 
Calcium EDTA! 
Magnesium EDTA! 
Check 
1 Salts of ethylene diamine tetra acetate 
, i 


2 Maximum score = 10. Averages were based 
1955, and 5 in 1956 


a marked effect on the after-cooking discoloration of the tubers. Covering a 
period of 2 years, all of the tubers, whether treated or checks, were given low 
scores. The percentage of acceptable tubers of a score of 7 or above, ranged 
from 0 to 26%. Thus, it appears that the potato plant does not transport and 
use the spray materials in a sufficient amount to improve the color scores of 


t 


Ipr 
the Ontario variety grown under these conditions. The effect of the dips o1 


gi 
the discoloration in potatoes after cooking was little better than that of the 
sprays. However, of the 2 dips sodium citrate appeared to have more benefit 
than sodium EDTA. The effectiveness of the sprays on the Ontario variet 
of potatoes does not follow the pattern that was reported by Smith ar 
Muneta (10) on Katahdins. 

Iron and phenol determinations were done on juice pressed from the 
light and dark areas of cooked potatoes and on the juice from the correspond 


ing areas of the raw halves. The data presented in Table 2 in terms of milli 





AFTER-COOKING DISCOLORATION OF POTATOES 


TABLE 2 
The concentration of iron and of phenolic compounds in juice pressed from 
potato tissue 
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TABLE 3 


The iron and phenolic compounds of juice pressed from 
potato slices evacuated in various solutions.' 


Phenols 


Change 


Treatment 
trom 


None eee eee 

Distilled water. ots 137 
Benzoic acid... 138 

3oric acid.... ; 136 

Caffeic acid - ‘ 138 
Chlorogenic acid.... site iorg 115 —16. 
BRIvtA ©..2. 125 

Iron sulfate 118 

Citric acid 130 

Tannic acid : 124 


1 Average of three 
there were only two lots 
2 Di-sodium ethylene diz 


benzoic and boric acids, which are known to form complexes 

three which are o-dihydric phenols, caffeic, chlorogenic and tannic 

which along with citric acid might be expected to form compounds with 
iron in the potato tissue; and EDTA which is a chelating agent for iron 
might be expected to solubilize it. Yet, there was meagre evidence of any 


those influences in the raw tissue in the data of Table 3. The extraction 
phenols and precipitation of iron by distilled water alone and the differ 
between raw and baked slices were the more marked variations. It may 


that a weak tendency to form complexes or compounds was enhanced by 
heat in baking. 
The problem of discoloration in potatoes after cooking appears 
i 


+ Nehwin oe (XX 


of metabolism. Citric acid is a cellular metabolite. Schwimmer 


the enzyme systems of the white potato. He suggested that only 
polyphenolase, transfers the electrons from intermediates of the 


lic acid cycle to oxygen, and that if the transfer is interfered wit 
way, the naturally occurring phenols are irreversibly oxidized wit! 
mation of a dark pigment. Mulder (5 ggested that discolorat 
cooking could be reduced in potatoes with r cit 
chelated iron so that it could no 

air. Our data on the iron content of nds some 
theory of Mulder. However, with the additi )f more 
dipping or spraying and especially by the tissue evacuation 
citric acid was available to enter into the tri-carboxyli 
mitted a normal oxidation of carbon to 

tion or utilization of the iron present 

metabolism possible the discoloring compounds n 

they be phenols, iron compounds, or an iron-phen 


CONCLUSIONS 


hel iting 


The use of a synthetic c 








ANTIOXIDANT AND COPPER BINDING PROPERTIES 
OF ONIONS" 
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(Manuscript received November 8, 1957) 


Addition of antioxidants to fats and fatty foods has aided the food manu 
facturer to maintain a more acceptable product over a longer period of time 
Many effective antioxidants, such as butylated hydroxyanisole, gallic acid, 
and nordihydroguaiaretic acid, come from nonfood sources. Antioxidants 
from natural foods have a distinct advantage, however, in that they are lk 
subject to adverse Food and Drug Administration rulings 


The antioxidant properties of the natural spices have been described 
(1, 4). The possibility that the onion, widely used for flavoring sauces and 
gravies, meat loaves, sausages, salad dressings, etc., might have antioxidant 
properties suggested the present study. Red and yellow onions contain as 
coloring pigments the flavonoid compounds anthocyanin and quercetin 


spectively, whereas the white onion contains no flavonoid compound 


The flavonoid compounds have been studied as copper chela 
antioxidants (10, 13). It may be that there is a connection between 
activities and that the antioxidant activity is dependent on the ability 
compound to chelate copper or other heavy metal ions. Although the 
onoid pigments seem to be present in the skin of the onion, the 

the meaty portion of the onion was of greatest interest since it 
which is ordinarily incorporated in food mixtures. 

Previous investigations have shown the effects of ascorbic aci 
antioxidant either alone (8) or as a synergist with phenolic inhibitor 
Ascorbic acid has been known to act as an antioxidant in dry fat 
but it becomes a strong prooxidant in the presence of an aqueous {| 
Quite commonly, both a fat and an aqueous phase are present in f 
meat there are sufficient traces of copper to cause oxidation of ascorbi 
making the free radical available, presumably, to attack the activated meth) 
lene group of an unsaturated fat. The compounds which synergize witl 
ascorbic acid are those which complex copper (9). It might be expected 
the flavonoid compounds from onions might bind traces of copper and in 
hibit the catalytic affect of the metal ion on the decomposition of unsaturated 
fats, especially in the presence of ascorbic acid 


ions under 


The object of the present study was to determine the condit 
which onions exhibit antioxidant properties, to study their possible synergisn 
with ascorbic acid and to measure their copper complexing ability. Several 
other antioxidants were included in one or more of the experiments for c 
parison with the onion products. Garlic juice was tested for antioxidan 

ity because it is used like onions as a flavoring material 

previously been shown to synergize with ascorbic acid in meats as well as arti 


4 


* Taken in part from a thesis submitted by Emma Jo Lewis in partial fulfillment of 


requirements for the degree of Master of Science 
, 


r 
Firmenich Company 
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The 2,4,5-trihydroxybutyrophenone (THBP )‘, a relative- 


ficial systems (16) 
ly new antioxidant, is of interest because its structure suggests that 
have excellent copper chelating as well as antioxidant properties. The structure 
of this compound and of quercetin, a flavonoid pigment of onions, are com- 
Both compounds have active copper chelating sites (a 


it might 


pared in Figure 1. ) as 
well as orthodihydroxy groups (b) on the same molecule 


° 
HO 1 | 
OH 
» 
~ a 


QUERCETIN 


lal 
\_ Ho 
b 
2,4,5 - TRIHYDROXY BUT YRO PHE NONE 
Figure 1. Copper bindng sites (a and b) on some antioxidants investigated. 


MATERIALS AND METHODS 


Preparation of onion juice and onion extract. Onions were 
riety hit with ’ yar ’ lor \ 17 nior ‘ r " 
ery OU Ca r¢ \ S we l 


Tar 
¢ € 


S 


€ 


Antioxidant activity in artificial systems. Artifi 
+} ; } mat , \ tte 17 were 1S¢ 
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The oxygen consumed during this reaction m 
conditions of the experiment, outlined 
oxygen. The addition of any compound 
The degree of inhibition may be calcul 
sumed by the ascorbic acid, copper mix 
pound 

Solutions of the test substances were 
5.8 with 0.01M phosphate buffer in the 


ascorbic acid. The bath temperature uss 


pr 

stances were used at a 7-fold concentrati 
ascorbic acid used by Frie¢ 

pared in the same manner as 

main compartment of the 

udded to the side 

center well. Cont 

cific manometers 

for equilibration 

vessels before the 

5-minute intervals for a total time 
Antioxidant activity in meats. Previou 

strated that rapid oxidation of s fatt 

meat is heated. The oxidation is 

accompanied by an undesirable fi 

THBP, alone and 
Solutions 

round of beef 

(0.03% ), (3) « nm extract 

and THBP eacn ith ascorbic 

lacquered cans and sealed wit! 

kettle to an internal temperature 

allowed to cool slightly. Cans were o 

reground, well mixed, 


cording to the method 


RESULTS AND DISCUSSION 


Antioxidant activity and copper chelation in artificial systems 
and uncooked samples of onion juice and of ‘1 


gariic juice at various 


trations were tested. Results are shown in Table 


TABLE 1 


Antioxidant properties of onion and garlic juice 
Sample 


ontrol 


Control 
Garlic, 


cooked 


ocked 





PROPERTIES 


TABLE 2 


Antioxidant and copper binding properties of onion extracts and other compounds 


} 
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must be remembered in interpreting these experiments that copper complex- 
ing ability is measured only for a period of half an hour, whereas the anti- 
oxidant experiments run over many days. It is probable that the compounds 
in onion skin responsible for copper chelation are destroyed by oxidation dur- 
ing the course of the antioxidant experiments. 

The liquid smoke preparation differed from other antioxidants tested in 
that it showed synergism with ascorbic acid but no ability to complex cop 
per. In fact, rapid uptake of oxygen occurred upon the addition of ascorbic 
acid to the smoke preparation, even without the addition of copper. In the 
absence of precise information on the composition of the smoke preparation, 
it is not possible to interpret these results 

THBP showed outstanding antioxidant ability by itself, synergized with 
bition of the copper catalysis 


ascorbic acid and gave complete inh | 


Antioxidant activity in meats. Upon incorporating solutions of onion 
extracts and THBP in ground meat samples before cooking, several desirable 
effects were produced in the cooked stored meat. After one day’s storage at 
refrigeration temperatures the control sample had lost its fresh cooked odor, 
but samples containing the onion extract and the THBP had retained it. Als« 
the color of the onion extract and THBP samples remained somewhat pi 


ish rather than becoming the greyish color of the control sample. Until th 
onset of bacterial spoilage, the color of the samples remained as described 
above. Bacterial spoilage became evident after 8 days’ storage 


periment was therefore discontinued. At the | 


last test pe riod 


he 
taining either the onion juice extract or THBP, with or wi 


acid, showed an increase in TBA values over those obtained 
after cooking. Results are shown in Table 3 


SUMMARY 


The juice of onions and of garlic exhibits antioxi he 


I t properties ne 


lant 
extracts prepared from the onion skins have a more pronounced effect, espe 


‘ 


cially that prepared from yellow onion skins. Onion skin extracts also exhib 


ited copper chelating abilities and varying degrees « ynergism 
acid. These activities are presumed to be du 
2,4,5-trihydroxybutyrophenone exhibited 

antioxidant properties and synergism 


Both THBP and extract of yellow onion 


porated in cooked meat both in the absen 


TABLE 3 


TBA values of cooked meat samples containing antioxidants 


( ¢ 


( 


scorbic aci 1 
IY T extfa 


Onion and 
THBP 
THBP and as 
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SUCCINOXIDASE ACTIVITY OF SOME ANIMAL TISSUES 


A. L. TAPPEL anp RUT MARTIN 
Department of Food Techn Uniz ty of 
Davis, ( 
} 


(Manuscript receive 


The succinoxidase system consisting of succinic del 
the cytochrome electron transport system has been identified as 
surviving respiratory enzyme in meat (1, 2). Succinoxidase and 
surviving respiratory enzymes in meats are responsible for tl 
consumption of oxygen and the resulting deoxygenation of 


globin in the interior of the meat and on the surface w 


hnenever 


placed in an oxygen tight enclosure. Reduction 
an = x re labile t ae aE Oona ees 
makes myogiovin more iabue tO Oxidation to m 
hand removal of oxygen in meat is desired, then 
succinate would serve as a 

important reasons it is 

commercially important meats. Information on 
activity in animal tissues is largely 
animals; the work of Lawrie (4 
horse muscles and Andrews et al 
tions. 


EXPERIMENTAL 


Succinoxidase assay. 
ue per 10 ml. 0.25 M. su 


was neutralized to pH 7.3 


termined manometrically at 20 


was determin 
Samples of animal tissues. T! 
rger samples of animal tissue at 


11 


mixed 





RESULTS AND DISCUSSION 


1 


SUMMARY 


TABLE 1 


Succinoxidase activity of animal tissues 
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cattle, hogs, lambs, and chickens was determined by manometric measure 
ment of the oxidation of succinate added to a homogenate of 


+} 


the meat 
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PROTECTIVE ROLE OF SHELL MEMBRANES IN 
BACTERIAL SPOILAGE OF 
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onal 


Filtration studi 
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Proteolytic activity. 


following n 


icine solution 


Membrane homogenates. 
} sycly } rit 


is previ I agesc 


mately 
supplemented with t 
nent: KeHPO,, 1 
r; MnClo.4H20,7.2 mg 
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Figure 1. Apparatus for the vacuum 
filtration of bacteria thr: s} 
membranes 


RESULTS AND DISCUSSION 


Filtration through shell and membranes. 


i 


TABLE 1 
Removal of bacteria from aqueous suspensions by 
i } 
vacuum filtration through egg shell and membranes 
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not a perfect barrier to bacteria. Although 98 to 99% of the bacteria were 
held back by this combination, hundreds of thousands of bacteria still 
managed to get through. In contrast, the bacteria were completely stopped 
when the inner membrane was also present; filtrates from the shell com 
plete with outer and inner membranes were entirely free of bacteria. Indi 
cations that bacteria are held back by the shell membrane system 
obtained by Walden, Allen, and Trussell (73). 
These results indicate that the membranes are very effective mecha 
barriers to bacterial penetration. They form a non-porous structure, 
ably because of the coating of mucin-like material on the inner mem 
which is capable of preventing, at least temporarily, the passage of bacteri 
Proteolysis of membranes and other proteins. Although the membranes 


] 
i 


are effective bacterial filters, it is obvious from the considerable amount 
naturally occurring bacterial egg spoilage, that they do not exclude | 
indefinitely, from the egg contents. Also, Alcaligenes bookeri (a) and Ps 


tr 


monas fluorescens (Table 1) have been shown to penetrate the inner 


5 Some 


brane of shell eggs and to cause spoilage (3). There 
mechanism by means of which bacteria eventually penetra pparentl 
solid membrane barrier. This could be accomplished by 
teria on the membranes, accompanied by digestion of 
Suggestive of this mode of attack is our finding 

in contact with suspensions of Alcaligenes 
their ability to prevent the passage of bacteriz 
membrane material will support the growth of 

teria (9, 2) and that colonies will form on 

with Pseudomonas ovalis (1). Since the membranes are composed 


tne 


proteinaceous material, it was thought that the digestion of 
might be brought about by proteolytic enzymes secreted by 
Accordingly, the proteolytic properties of all of the bacteria, e 


non-egg spoilers, were determined. Data on 
terial, ovalbumin, casein and gelatin 
given in Table 2 

‘he bacterial 


bookeri (a) is the 


1 


extensively, all 
marked contr 
setween these extret 
of the proteins 


Surprisingly, A 


TABLE 2 
Proteolytic activity of various bacteria isolated from spoiled eggs 


| 
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TABLE 3 
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bacteria to grow directly on the ibrane surface, 
by Elliott (7), and to migrate 1 the egg contents 
The most striking result of these experiments 
the membranes to proteolytic attack | 
of the many tested was able to diges 
of the other bacterial strains digested ovalt 
were not able to break down membrane mat 
of a keratin-like protein, a type which is kn 
sis. It appears that extensive proteolyti 


»y bacteria 


boockeri (a 


which bacteria penetrate shell membranes 
cies, which can digest membrane protein may 


nechanism 


more rapidly tl yn-digesters. The exact 1 
4 ] 


tion of tne net I : lil dl elucidadals 
\lthough there does not appear 
proteolysis and membrane penett 


tween bacterial proteolysis and eg 


avidin 
aspect is under further investigation 
Penetration of membranes. The resistance 


g cultures of bacteria was 


TABLE 4 


Relationship between the ability of bacteria to spoil shell eggs and their ability t 
produce extracellular proteolytic enzymes 


1 According to Florian and Trussell (3). 
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TABLE 5 
Rate of penetration of bacteria through the shell and membranes 


} 
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the shell, were immersed in growing cultures of the bacteria. These results 
suggest that the bacterial penetration of shell membranes does not involve 
extensive proteolytic attack. 

A close correlation exists between the ability of bacteria to digest proteins 
and to spoil shell eggs. Proteolysis may be important in enabling bacteria t 


to 
establish themselves and multiply in the albumen. 
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( Ihe bacterial counts were determined immediately 


varying intervals of incubation. Colonies were picked a1 


described 
RESULTS AND DISCUSSION 
Microbial flora of the slime on refrigerated frankfurters. 


353 microorganisms were isolated from 36 packages of frankfurters at 


- 
/O& were 


A 


tentatively identified. Of these, 275 were bacteria and 
Microbacteria and veasts co 


results are summarized in Table 1 


TABLE 1 
Microorganisms in the surface slime of refrigerated frankfurters 


Is 


obacilli (heterofermentative 


~+ 
t 


Lac 
Lactobacilli (homofermentative 
Leuconostocs 

Microbacteria 

Mfter ‘ 
avi POLOCCI 
streptococc! 
Yeasts 
Gram-1 


Otal 


two most frequently isolated groups of organisms and both 
common on franks stored at 2° C. than on those stored 


1conostocs, and micrococci were of greater relative signincance 


+ 


lactobacilli, let 
Eighty-three representative bacteria were studied more extensively 
Twenty-three strains of microbacteria were studied, and all prov I 
similar or identical to Microbacterium thermosphactum 
differences noted were the production of acid from glycerol 
fermentation of lactose by 3 strains, and the fermentatic 
s of lactobacilli were studied 


trains). All of the 


strains. 
Twenty 
strains and 8 homofermentative s 


12 of the heterofermentative 


1 


and 
grew at 45° ( 
growth, and 
fermentative 
homofermentat 
spe cies (]) 


Fiftee n Leuc ven of 
2 of them produced 


strains were studied. Ele 
sucrose 


archarid ] 
saccnaride siimme 


Chey all PTeWw al 


and 30° C., but only one grew 


were identified as Leuconostoc mesenteroides and the remai 


conostoc dextranicum (1). 

The 6 streptococci appeared to be enterococci, but differed 
and from described species in a number of physiological tests 
cocci were extremely heterogeneous, but one proved to be 
positive Staph y/ coccus aureus. Three tetracocci were stt 
similar, but they were not identified specifically 





ankfurters. 


nr nt 


TABLE 2 


representative microorganisms from the surface of 
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TABLE 3 


NIVEN, | 


Effect of irradiation and storage on the microbial population 
cellophane-packed frankfurters 


Experiment N 
and 


storage temp 
No. 2 
140,000 
230.000 
460,000 


0 
140.000 


> 


230,000 


78 x 10° 


21 x 10° 


Bacterial count 


33x10 
50 x 10° 
10 x 10° 
11 x 10° 


18 x 10 
18 x 10 


47 x 10 


days 
36x10 
59 x 10° 
30x 10° 
10 x 10° 
99 x 10 
31x10 


33x 10° 


0 200 
140,000 <10 


230.000 <10 


0 94x 10° 
140.000 29 x 10° 


230,000 11 x 10 


these samples had reached 10* organisms per gran h 
No. 2 had a fairly low initial population, but 460,000 rad 
doubled their shelf-life at 10° C. 

Microbial flora of irradiated frankfurters. 
were picked from the plates for each sample in the experiments discusse 
the precedin 
genus. Typical results from the same four experiments lis 


Five representative 


section. 


~ 


Oo 
—4 


I 
These organisms were then generally 


summarized in Table 4. The flora of the unirradiated sam 

to those shown in Table 1. The irradiated franks showed a predom 
Other levels of liation and 

experiments also gave similar results. Thus, the 

moderate levels of irradiation on the microbial flora 

mation presented in Tables 1 and 2 concerning the initial flora an 


irrat 


yeast and sporeforming bacilli. 


7 
selective action 


coincides with tl 


tive radiation resistance. 
SUMMARY 


The microbial flora of the surface slime of refrigerate 


been shown to consist primarily of lactic acid bacteria, y 
The most common bacteria were members of the s 
thermosphactum, followed by lactobacilli, leuconostocs, m1 
Small numbers of gram-negative rods occasionally 
radiation resistance of these organisms was determined, and 


tococci. 


from about 40.000 rads to 250.000 rads to destrov 99% 


resistant strains in 


broth suspension. The most 


streptococci, tetracocci, and homofermentative lactobacilli. 


Irradiation of commercially produced frankfurters indicated that 140,000 
rads reduced the initial microbial population about 99%, but even this d ot 
adversely affected the appearance of the product, and did not mar! 


microbial spoilage at 10° ¢ Irradiation with 460,000 rads 
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TABLE 4 
Microbial flora of irradiated frankfurters 


Leuconostocs 


Micrococ 


actobacilli 


I 
Bac illus 


Yeast 


Microbacterium 


230,000 
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filter, and (d) unchlorinated final effluent from the secondary clarifier. A complete se 
of samples were collected once a week. The day of collection was changed from I 
week. Although 24-hour composites were taken on occasion, the collection peri 
extended over 16 hours (8 A.M. to 12 midnight). The plant operates unattended 

out the “graveyard” shift. The volume of sewage influent and its rate of 

the plant were recorded as each sample was taken. The pH value was run 

of each sample. Then, if not used immediately, samples were held at 4° C. unti 
Composite 16-hour samples were made, using corrections for variations in 
occurred at different times during the day of collection. 

Control analyses. The biochemical oxygen demand (B.O.D.) was 
index of organic loading of the disposal system. These determinations wer 
ing to the Standard Methods of the American Public Health Association 
azide modification (1). Incubation was for 5 days at 20° + 1° C. 

Total, settleable, and suspended solids, 3 other useful indicators 
purification of the waste, also were determined by the i 
Standard Methods (1 

Tartrate analyses by the sodium metavanadate 
the amount of tartrate removed from the stillage 
recovered 

atment of 
calculation of the % reduction in i" ids (ir 
with the untreated material. To follow the waste through tl 
made on the basis of a 2-hour retention time at each station. ° 
varied in proportion to the rate of fi f the influe 
2 hours during a 24-hou nd of ration. Faci 
matic by-pass for volt yer the hydraulic capacity of th 
the retention time 
Pretreatment of stillage to remove tartrate. 


generally is 3.5 or above so that 


nt y a kl ‘ 
nt sewage Dut was 
lities f ] 


bitartrate (cream of tartar) 
males } 4 j 

when calcium hydroxide, added 

hlorid 


>» is used to neutralize the stillage. Otherwise 


cl 
about half of the bitartrate will be 
remain in solution as the very 


the soluble calcium salt is illustra 
2K HC.H,.O.+ Ca(OH 
K2C,H,Oc. + Cat 


The methods described by 

calcium chloride required 

4.5 + on a batch-wise basi 

After the supernatant stil 
tartrate precipitate is washe 


this method of precipitatior 


approximately pH 4.5 resul 


precipitated at higher pH val 


held in suspensi 
sight nearly complete neutralizatior 
dpour f j 


I 
However, 
calcium tartrate 1 I f 
high pH neutralization procedure 
dificult to remove fr | wa 
results. In addition the inc 1 washing required causes 
polluted wash water to reated the disposal plant. 
Two types of 
material” or “D.M.”; an , the semiliqr esidues resul 


mentation of solids f le and dessert 1 from refriger 





BRANDY STILLAGE FOR DISPOSAL 
iluted to t 
with water or low alcohol DM before distillation in orde ure maximum 
formance of t 


Tartrate 


filtration sediments. Lees containing more than 6 to 8% alco 


rtrate removal was 


Reduction in B.O.D. as influenced by method of detartration. It ha 


S r¢ 1 >the s 


been established in previous studies (5 that detartration of ve 
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TABLE 2 
ffect of detartration on reduction in B.O.D. values of undiluted brandy stillage 
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TABLE 3 


Effect of method of detartration on reduction in B.O.D. values and 
suspended solids in treated stillage-sewage mixtures 


5-day B.O.D., p.p.m.* Suspended solids, p.p.m 
ot 
7 3 -” 0 
Method of detartration “a Final anal 
influent effluent 
“Cold throw” 970 340 65 
“Hot throw” 420 43 90 
Centrifugation 512 93 82 


1 Incubated at 2 


that was easier to purify. The “cold throw” method of detartration gave good 
results with straight D. M. but not with lees, because of the increased solids 
content of the latter. Continuous centrifugation removed the bitartrate well 
but increased the solids content in the raw influent to an objectionable level 
As can be seen in the table, the increase in solids is also reflected in the lower 
over-all reduction in the 5-day B.O.D. value of the centrifuge stillage 


domestic sewage mixture after treatment in the disposal plant. Just why cen- 
trifugation should cause the observed increase in solids is conjectural 


DISCUSSION 


Although projection of the results of small scale experiments to full scale 
treatment of the stillage without recourse to intermediate pilot studies did 
T 


A iit 


addition of 150,000 gallons of water as a diluent for the detartrated sti 
is a wasteful load on the hydraulic capacity of the treatment plant 


situation might be relieved for the present simply by metering 
] 


riod instead of di 


stillage into the sewerage system over a 24-hour pet id 


it all in 10 hours as is done now. The rate of flow of sewage during 
is low. However, the influent waste at night also is corresponding 
polluted so more favorable dilution of the stillage should also result 
able increase in the biological efficiency of the plant 

In the event that a large increase in population occurs it will be mandat 
to find another way to pretreat the stillage. “Several possil 


predigestion system could be installed at the winery Che possible 


ae a 
nlities 


such pretreatment was pointed out by Vaughn and Marsh (9) 
simple liming of the stillage to pH 7 followed by mesophilic, an: 
tion for 24 hours at 35° C. (95° F.) caused a reduction in 5-day 
of the waste (settled effluents) that ranged between 70% 
Feuerstein, and Onodera (7) also obtained similar 1 
authors also suggested that the gases obtained from stillag 
trapped and burned in the boiler supplying steam for the still. 
vagaries of anaerobic bacterial digestions coupled with the known intermittent 
production of stillage with quite variable composition combine to emphasize 


t 
be col'ected tor use it the 


the necessity for caution in deciding if gas is t 
done better at the 


winery. The present authors believe this operation can he 
disposal plant. 
More efficient removal of solids from stillage prior to its treatment at the 


disposal plant also must be considered. The notoriously light and bulky solids 
I obl 


that result from detartration, lime flocculation, etc., ll remain 


eT 
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ineconomical 


method for 
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these conditions, it seems highly probable that further modifications occurring in these 
muscles can be attributed to aseptic autolysis, i.e. to the establishment of rigor mi and 


to the action of endocellular proteolytic enzymes (cathepsins). 


MACROSCOPIC MODIFICATIONS 

Muscles lose all their elasticity after a few hours at normal temperature. 
The pH of the muscle tissue drops sharply from 7.4 to about 5.6 and, at the 
beginning of storage, we find that our material is quite hard and tough. These 
first modifications can be attributed without doubt to the establishmet 
rigor mortis. In the following period of storage which, in our experimentation, 
lasted up to 150 days at 25° C. and up to 15 days at 37° C., the rigor relaxe 
slowly and muscle becomes more and more tender. This tenderization is ver 
probably due to the action of proteolytic enzymes. We can see, however, in 
Figure 1 that the most important macroscopic modificati 
production of a liquid exudate which drips from meat 


Using a special tube with an outlet for aseptic collection of exudate at 
regular intervals, it was possible to measure the amount of exudate during 
50 days and to analyse this exudate for the presence of proteins,’ amino-acids, 
sodium, and potassium 


Sodium and potassium were measured by flame photometric methods 


EEL flame-photometer ; amino-acids and proteins were estimated by their 
tyrosine index using micromethods similar to method C explained in tl 


following section. As shown in Figure 2, exudation begi 


of storage and is most important in the first days of st 
osmophylic properties of muscle seems to be related to the 
rigor mortis. It continues, however, more slowly and, at 
the total exudate amounts to 15 to 20% of the original 
sample. Figure 2 also shows that the composition « 
during storage. This liquid is rich in proteins (7 g 
potassium (0.4 g. %). It is poor in sodium and amin 
not precipitated by trichloracetic acid, 10% 
The presence of large amounts of potassium in the exudate 
days of storage shows clearly that the osmotic properties of cellular member 


1 


ings have been lost. It points also to the intracellular origin 
g | 





x 40 
muscle exudation. 


TABLE 1 
Muscle Proteins 
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We may conclude from Table 1 that the proteins of the exudate belong to 
the first group containing myoalbumine, etc.; the other proteins of the mus 
cular plasma cannot be soluble in the exudate. Moreover, the 10% proteins 
which precipitate from the exudate at lower salt concentration could well be 
globuline X which is known to precipitate under the same conditions. It might 


be, however, that in later periods of storage other proteins than those of th 


myogen group come into solution. These would be formed by partial 
protec lysis of proteins belonging to other gri Ups 


MODIFICATIONS OCCURRING IN THE PROTIDE DISTRIBUTION 
OF THE MUSCLE 


Methods. Muscle proteins, excepting those of the 
powerful solvents for their extraction. KCl 0.6 M is 
also to study the electrophoretic distribution of 
choose another solvent which has a lower 
compared the extractive power on muscle 


that the total amount of proteins submitted t 


TABLE 2 


Dissolving power of different solvents used 


Distilled water 
Glycine 0.05 M 
Glycine 0.1 M 
Glycine 0.5 M 
Glycine 1.0 M 
KC1 0.05 M 
KCI 0.1 M 
KC1 0.2 M 
KC10.6 M 
KC 


We ! iv< 
with classical 
dot > not ler atur 
immediately afte 
present paper ) 
volume of buffer 
electrophoretic 
ie & and 
2g and 
extraction and 

Muscle 
blender at 0° ( 


20,000 r.p.m., fo 


spectrop! 

| { 
10%. We 
cither free 
index with 
thus verifiec 
index must 


useful 
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TABLE 3 
EXTRACTION METHOD ¢ 


x0 g. muscle a! 


1 M pH 8.6 


20.000 t 
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LAMB MUSCLE - RABBIT MUSCLE 


OD 279 mu 
GLYCINE SOLUBLE PROTEINS 


25°C 


Rabbit 25T 
30 


LAMB MUSCLE - RABBIT MUSCLE 
AMINO ACIDS 


4 Rabbit 
; 38°C 


10 40 60 days 


Figure 3. Evolution of tyrosine index during 70 days’ storage. 


their proteolytic activity. Following variation 
tryptophane, we see that the proteoly ti 
activity of liver, kidney or lung, is very low 
After 6 days’ storage and 42 days’ 
muscle was submitted to electrophor 
On the first day of storage, our 
obtained by other authors, more parti 
that the 3 different groups of proteir 
in our extracts. However, owing 
1 


glycine buffer, we have obtained 


TABLE 4 
Compared proteolytic activity of different tissues. 10 g. of tissue in 100 c 
Tissue 


Kidney 


Liver 
Lung 
Heart 


Psoas muscle 


] <idney 
I 
] 





MUSCLE 


Six days storage Forty two days srorage 


f\ 


Figure 4. Electrophoreti 
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TABLE 5 
Lamb muscle: protide variations in the presence of papain and trypsin 
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normal 


Y 


— 4 


Figure 7. Action of papain on rabbit muscle. 


MICROSCOPIC STRUCTURAL MODIFICATIONS 
Physico-chemical modifications 1uscle during ase 
anaerobic storage have been 


structure of the muscular fibre 


at the fibre and the myofibrils level. 

"he systematic study by interference 
illumination, shows plainly the classic: 
muscle fibres: succession of 


gent and isotropic { 


1 
he myofibrils display tl 


| 
uggested that the c 


ne essentially, 1S 


concept of the localisation of myosin in the anisotropic band 


very recently on an experimental basis, together with 
and biochemical techniques (173, 78). These imp 


theoretical structure model (1/4) in which tw 
actin and myosin filaments, slide past e: 
, 


length in vital contraction and stretching a 


Undoubtedly, a new morphological 


change 
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microphotography, the morphological investigation in 


Combined with 
interference microscopy is accordingly a good practical way to help in testing, 
ture modulus and biochemical correlations 


during storage, intimate struc 
5 ~~ 


MATERIAL AND METHODS 


sample of muscle, stored in the standard 
, described, has been pectively dissected the Ist 
10th, 20th, 40th, 50th, 70th and 100th day 


> fibre 


Seq 


A. Anatomi 





316 ZENDER, LATASTE-DOROLLE, COLLET, ROWINSKI, AND MOUTON 


B. Microscopically. 

l. Changes in the wall. Rigor mortis induces the formation of indentations 
in the walls during the first 3 days (Figure 8). Some waving of the whole 
fibre may appear at this stage. 

Between the 10th and the 20th day, flexuring of the fibre occurs more or 
less sharply. The beautiful feature, the “accordion,” is often encountered 
(Figure 9) with sometimes the beginning of disruptions in site of the plaits 
We consider flexuring and this partial disruption as the first morphological 
data related to exudative phenomena. 


The main feature observable between the 40th and the 50th d 


lay 
general transversal splitting which ends in the “chess-board” stage, cl 
terized by flat squares (c.f. Figure 13 “‘stair-steps” and “chess-board” ) 
this stage, general disruption and flatness is probably related to strong exuda 
f “turn-over” the former balance 


I 


tion and modifies completely in a kind of 


raioht and flexnred fihrec (cf cran} | ure lf 
Straight and Nexured hibres (ct. grap rigure 


From the 50th to the 70th d ry and until the 100th day 


] 1:10 up to 


Irom nearly |! 


1) 


degeneracy increase progressively 
aspect, “myofibrils fans” (Figure 14), is produced on still recognizable fibres 
by longitudinal splitting. We consider this feature as a step of the progressive 


alterations of connective tissue between nvofibrils 


Figure 8. Two days 
storage: “rigor contrac 
tion,” indented walls, well 
kept band pattern. 





Figure 9. Ten days’ 
storage: flexuring, “ac- 
cordion.” 


C. Graphically 
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Figure 10. Ten days’ storage: damaged striation, “hyphened” aspect 


Figure 11. Ten days’ storage: damaged striation, “granular” aspect. 
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Figure 12. Twenty days’ storage, degeneracy. 


DISCUSSION 


Results presented in this paper must be considered as 
; 


conclusions we might be tempted to make should remain quite general 

however obvious that the modifications observed in our aseptic sam 

have a definite influence on the storage qualities of radiation sterilized 
The most important phenomenon, as mentioned above, whi : 

sterile autolysis, is exudation. This exudation consists 

f water, proteins and potassium (16). We think that 

priorily from the establishment of rigor mortis and from 

of the pH of the muscle. We do not think that it is directly rel 


phenomena. Structural microscopic observations enable 
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Figure 14. Fifty days’ storage: longitudinal splitting, “myofibrils fan.’ 


enzymes exist only in very low concentrations in muscle, 
that the liberation of amino icids is not enhanced by the 
extracts of a substrate like hemoglo 
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Figure 15. One hun- 
dred days’ storage: some 
myofibrils at 100th day, 
well kept band pattern. 
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EVOLUTION OF THE FIBRES 


Flexuring Splitting Flattening 


Se Straight fibres 


A, Areas of more or less 
preserved fibres stil 
recognizable 


F, Flexured fibres 


20 30 40 50 60 70 80 90 0 days 


Figure 16. Mutton muscle (25° C. aseptic anaerobic) showing evolution of the fibre 


EVOLUTION OF THE STRIATION 
Rigor Flexuring Resolution Splitting Flattening Flabbiness 


%e for 
hundred fibres 


10 “+: 
z Straight fibres 
flexured fibres 


90 


Garnaged fhyphened bands 


4 undamaged continuous bands 
80 90 100 days 


Figure 17. Evolution of striation of mutton muscle (25 C. aseptic anaerobic) 
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